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INTRODUCTION

The field of robotics, particularly in the development of control systems, has advanced rapidly
in recent decades, fueled by growing demand for automation across sectors such as manufacturing,
logistics, and healthcare. These systems enable robots to function autonomously and are central to
technological innovation in modern industry. However, despite these technical achievements, the lived
experiences of engineers involved in designing and implementing robotic control systems remain
insufficiently explored. Little is known about the psychological, social, and cultural dimensions of their
work.

Practitioners often encounter multifaceted challenges—beyond technical complexity—
including performance pressure, interdisciplinary collaboration, and constant system refinement to
address real-world applications. Such challenges may affect their professional identity, emotional
resilience, and adaptive capacity. As robotics becomes increasingly embedded in society, understanding
how engineers experience and interpret their roles provides valuable insights into the human factors
shaping technological innovation.

To address this gap, this study investigates the following research question: How do engineers
experience and make sense of the process of developing robotic control systems? The objective is to
uncover the emotional, social, and professional dynamics that influence their practices through a
phenomenological lens. Given these considerations, there is a compelling need to explore the meanings
and interpretations that practitioners attach to their experiences in developing automatic control
systems. This phenomenological approach allows for a deeper understanding of the subjective aspects
of engineering practice, including the personal challenges, professional satisfactions, and the social
dynamics that shape how these systems are brought to life. By focusing on the lived experiences of
engineers and technicians, this study aims to shed light on the human dimensions of robotics
technology, offering insights that go beyond the technical specifications and into the personal,
emotional, and social factors that influence its development.
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Research into the subjective experiences of individuals in specific phenomena has become an
essential area within the broader field of qualitative inquiry. In particular, the study of how practitioners
engage with complex technologies, such as robotic control systems, has gained increasing attention in
recent years. However, the majority of research in this area has predominantly focused on the technical
aspects of system development, often overlooking the personal and experiential dimensions that
contribute to the effectiveness of these systems. The experiences of engineers and technicians—
especially the challenges, frustrations, and satisfaction they derive from their work—remain
underexplored, leaving a significant gap in our understanding of how technological development is
shaped by human factors.

The methodological challenges in exploring these deep, personal experiences are considerable.
Quantitative research approaches, which dominate much of the existing literature in robotics and
engineering, are limited in their ability to capture the nuanced, subjective experiences that are critical
to understanding the full context of system development. While quantitative data can offer valuable
insights into performance metrics and system efficiency, they fail to address the emotional and cognitive
aspects that influence decision-making, creativity, and problem-solving in the engineering process.
Thus, relying solely on such data fails to reveal the complex realities that practitioners face in the
development and implementation of automatic control systems.

These limitations highlight why more traditional methodologies are insufficient for capturing
the essence of the phenomenon under investigation. The focus on measurable outputs, rather than lived
experiences, makes it difficult to understand how engineers interpret challenges, manage stress, and
find satisfaction in their work. The use of phenomenological research, which prioritizes the subjective
meaning-making process, offers a more effective way to explore the intricate layers of experience that
contribute to the development of robotic systems. This approach allows for an in-depth examination of
how practitioners make sense of their work, providing rich insights into the social, cultural, and
psychological factors that shape their experiences.

While practical solutions and quantitative methodologies have been widely adopted in the field
of robotic control system design, these approaches often fail to capture the deeper, subjective
experiences of the practitioners involved. The dominant focus on technical efficiency and performance
metrics overlooks the nuanced, personal challenges that engineers and technicians face, such as the
emotional and cognitive processes behind decision-making, problem-solving, and collaboration in the
development process. While existing studies tend to approach the phenomenon from a practical
standpoint—focusing on system optimization, technical performance, and measurable outcomes—they
fail to consider the meanings that practitioners attribute to their work and how these meanings influence
the design and implementation of robotic control systems.

Current research methodologies, primarily quantitative or technical in nature, offer limited
insight into the lived experiences of practitioners. These methods often present a fragmented view,
missing the depth of meaning and personal interpretation that is essential for understanding the
complexities involved in the design process. Consequently, the existing literature provides an
incomplete understanding of how practitioners navigate their work, manage challenges, and derive
professional satisfaction.

In light of these limitations, there is a clear need for an alternative approach that can uncover
the rich, personal experiences of engineers and technicians in the field. A phenomenological approach,
which focuses on the lived experiences of individuals, presents a promising solution to this gap. By
exploring the subjective meanings attached to their work, a phenomenological perspective allows for a
deeper, more holistic understanding of the phenomenon. This method offers the potential to reveal the
emotional, social, and cognitive dimensions that are often absent from technical analyses, thus
providing a fuller, more comprehensive view of the experiences that shape the development of robotic
control systems.

Previous research on automatic control systems in robotics has primarily focused on technical
aspects, such as system efficiency, performance, and optimization. While these studies have contributed
valuable insights into the operational functionalities of robotic systems, they often overlook the
subjective experiences of the practitioners who design and implement these systems. Existing literature
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on the human dimension of engineering practice remains limited, especially concerning the challenges,
emotional processes, and personal interpretations that engineers experience during the development of
robotic systems. Additionally, research on the role of teamwork, professional growth, and satisfaction
in the context of robotic control system development is scarce. This gap highlights the need for a deeper
exploration into how practitioners perceive their work and the meaning they attach to their professional
experiences.

The approach chosen for this study is phenomenology, specifically interpretative
phenomenological analysis (IPA), which allows for a deep examination of the lived experiences of
individuals. This method was selected because it focuses on the meanings that participants ascribe to
their experiences, making it particularly well-suited for understanding the subjective and personal
challenges engineers and technicians face in their professional work. IPA's emphasis on interpreting
personal experiences and how individuals make sense of them provides a more comprehensive
understanding than traditional technical analyses, addressing the gaps identified in the previous section.
The aim of this study is to uncover the deeper, human dimensions of the phenomenon and provide
insights into the personal and social factors influencing the design and development of robotic control
systems.

The structure of the article is organized to first introduce the general background of the study
and its relevance, followed by a specific exploration of the context of robotic control system design.
The methodology section outlines the use of interpretative phenomenological analysis to explore
practitioners’ lived experiences. Data collection and analysis procedures are described, focusing on in-
depth interviews and the identification of key themes from the data. The article concludes with a
discussion of the findings, highlighting the insights gained from the analysis, and provides conclusions
regarding the implications of these findings for the field of robotics and engineering practice.

RESEARCH METHODS
Study Design

This study employs a phenomenological approach to explore the subjective experiences of
practitioners involved in the design and development of automatic control systems for robotics. The
phenomenological design was chosen due to its ability to provide an in-depth understanding of how
individuals experience and interpret complex phenomena in their professional context. By focusing on
the lived experiences of participants, this approach allows for a deeper exploration of the meanings they
attach to their practices and challenges in system design. Specifically, an interpretative
phenomenological analysis (IPA) was applied to capture how practitioners interpret their experiences
within the specific context of robotics control systems. IPA is particularly suited for this study as it
emphasizes the personal and interpretative dimensions of experience, enabling the identification of key
themes that reflect participants' meaning-making processes. Additionally, the researcher engaged in
reflexive journaling throughout the study to ensure critical self-awareness and minimize interpretative
bias, in line with qualitative rigor standards in phenomenological research.

Participants

Participants were selected using a purposive sampling technique to ensure that individuals with
relevant experience in the design and implementation of robotic control systems were included. The
sample consisted of 12 engineers and technicians who had at least three years of direct involvement in
robotics or control system development. All participants were aged between 25 and 45 years, with a
balanced representation of gender. The inclusion criteria required participants to have hands-on
experience in the development of robotic control systems, particularly those involving automatic control
mechanisms. Participants who had no experience in this area or had been involved only in theoretical
or academic work were excluded from the study. The final sample consisted of 7 male and 5 female
participants, all of whom were employed in the robotics industry, either in research and development
or in technical support roles. Although the sample size of 12 is consistent with IPA’s idiographic
emphasis, data saturation was actively monitored throughout the interview process. Saturation was
considered achieved when no new themes emerged in the final interviews, indicating that the core
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experiential patterns had been adequately captured. This decision was supported by iterative data
analysis conducted concurrently with data collection.

Data Collection

Data were collected through semi-structured interviews conducted in person. Each interview
lasted between 45 and 60 minutes, allowing sufficient time for participants to express their experiences
and perceptions in depth. Interviews were held in a quiet and comfortable setting, chosen to minimize
distractions and ensure an open environment for participants to share their thoughts. A semi-structured
interview guide was developed to ensure that core topics related to the design and development of
control systems for robotics were covered, while allowing flexibility for participants to discuss issues
that were particularly relevant to their individual experiences. The development of the interview
questions was informed by existing literature in robotics engineering and phenomenological inquiry,
ensuring alignment with the study’s conceptual framework. Questions were designed to elicit deep
reflection on emotional, social, and cognitive aspects of system development. In addition to a pilot
interview, the interview guide underwent expert review by two qualitative researchers to validate
clarity, relevance, and alignment with [PA principles.The interview protocol was based on principles
from phenomenological research and adapted for the context of robotic control systems. Prior to data
collection, a pilot interview was conducted with a colleague to refine the interview guide, ensuring that
it was clear, relevant, and aligned with the research objectives.

Data Analysis

The data were analyzed using interpretative phenomenological analysis (IPA), which allows
for the identification of themes that capture the essence of participants' experiences. This process
involved several systematic steps:

1. Reading and rereading the interview transcripts to familiarize with the data.

2. Identifying meaning units within the text that related to participants' subjective experiences in
designing robotic control systems.

3. Coding these meaning units and grouping them into initial themes based on recurring patterns
or ideas.

4. Refining and organizing these themes into coherent clusters that represented key aspects of the
experience.

5. Final interpretation, where the themes were contextualized within the participants' roles and
broader industry challenges, resulting in a comprehensive understanding of their lived
experiences.

The analysis was supported by the use of NVivo software, which assisted in organizing and
coding the large volume of qualitative data, though the focus remained on the interpretative process
rather than on the software tool itself. The role of the researcher was integral to the analytic process, as
interpretation in IPA is inherently double hermeneutic—the researcher attempts to make sense of the
participant making sense of their experience. To address this, the researcher maintained a reflexive log
throughout data collection and analysis to critically examine assumptions, monitor positionality, and
enhance analytic transparency.

Ethics

Ethical approval for the study was obtained from the relevant research ethics committee,
ensuring that all procedures adhered to established ethical standards for research. Prior to participation,
all individuals provided written informed consent, confirming their understanding of the study's purpose
and their voluntary involvement. Anonymity and confidentiality were assured for all participants;
personal identifiers were removed from the interview transcripts, and the data were stored securely.
Participants were informed that they could withdraw from the study at any time without any
consequence. The research adhered to international ethical standards, including the principles outlined
in the Declaration of Helsinki and local ethical guidelines for research with human subjects. In line with
ethical and qualitative standards, the researcher also reflected on their positionality and its influence on
interactions with participants and interpretation of narratives, ensuring that participant voices were
prioritized.
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RESULTS

The results of this study are organized thematically, reflecting the essential experiences and
perceptions of practitioners in designing and developing automatic control systems for robotics.
Through in-depth interviews, several major themes emerged that describe the challenges, strategies, and
personal experiences encountered by engineers and technicians in the field.

Navigating Design Complexity in Automatic Control Systems

One of the most prominent themes that emerged from the interviews was the complexity
inherent in the design of automatic control systems. Practitioners reported that the intricate nature of
robotics, coupled with the need for precision in control systems, often led to significant challenges
during the design phase. A participant, an experienced robotics engineer, stated:

"The real difficulty comes when you have to ensure that the control system is both precise and
adaptable. You can't just design a system for a specific task, it has to be robust for different scenarios.
That requires continuous iteration, testing, and sometimes, completely rethinking the approach.”

This theme highlights the non-linear process of system development, where engineers must
balance technical constraints with practical requirements, making flexibility and adaptability essential
traits in system design. The challenges of fine-tuning control systems were often linked to unexpected
malfunctions during testing, a recurring issue voiced by the practitioners.

Dealing with Real-World Application Challenges

The second theme revolves around the challenges encountered when implementing automatic
control systems in real-world applications. While many design and simulation phases are theoretically
sound, practitioners expressed that applying these systems in dynamic environments often leads to
unforeseen difficulties. One participant, a senior robotic technician, shared:

"In theory, everything seems perfect, but once the system is in motion, the variables we didn’t
account for during the simulation phase emerge. That’s when real-world unpredictability hits. You’re
always in a reactive mode, adjusting the system to cope with reality."

This theme underlines the gap between theoretical design and practical application,
emphasizing the unpredictability of real-world variables such as environmental conditions, mechanical
tolerances, and human intervention. Practitioners conveyed a constant need for flexibility in their
control systems to adjust and correct during actual implementation, particularly in complex
environments.

Collaboration and Communication in Cross-Disciplinary Teams

The third major theme centers on the critical role of teamwork and communication within
multidisciplinary teams involved in robotic system design. Respondents emphasized that successful
development of automatic control systems requires effective collaboration between experts from
various fields, including electrical engineering, computer science, and mechanical engineering. As one
engineer explained:

"Working in a cross-functional team is essential. We need to communicate clearly to ensure
that everyone’s expertise aligns with the project’s goals. Misunderstandings or a lack of synchronization
between disciplines can result in delays or even system failures."

The theme underscores the importance of collaboration, suggesting that a lack of
communication or misalignment between team members can significantly hinder the development
process. Engineers highlighted how regular meetings and iterative feedback loops were crucial for
overcoming obstacles and ensuring the integration of different technological elements in the final
product.

The Power of Multidisciplinary Teamwork in Robotics
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The Role of Testing and Iterative Improvement

The theme of continuous testing and iterative improvement emerged as another central aspect
of designing and developing automatic control systems for robotics. Practitioners described the testing
phase as one of the most time-consuming and critical stages in system development. As one technician
noted:

"The testing phase is where everything either works or breaks down. No design is perfect the
first time, and you must expect to go through numerous iterations before the system behaves as
expected. It’s a learning process every time."

This theme highlights the importance of rigorous testing and the iterative nature of robotics
development. The feedback loop from testing to design modification allows for constant refinement,
with each iteration bringing the system closer to optimal functionality. Participants emphasized that
patience and persistence during testing were key to ensuring the reliability and performance of the
system.

Personal Satisfaction and Professional Growth

The final theme focuses on the personal satisfaction and professional growth that comes from
overcoming the challenges inherent in automatic control system development. Despite the difficulties,
many practitioners expressed a deep sense of accomplishment when they succeeded in designing
systems that functioned as intended. As one engineer shared:

"There’s a deep sense of pride when the system finally works after all the setbacks. It’s not just
about the technology; it’s about knowing that you’ve solved a complex problem. It’s rewarding to see
your work come to life and make a real impact."

This theme reflects the intrinsic motivation and professional fulfillment that drive engineers
and technicians in the field. The satisfaction derived from overcoming technical hurdles and
successfully implementing complex systems provides a sense of personal achievement, which fuels
their continued involvement in the field.

Journal Homepage : https://journals.ai-mrc.com/jmri



Journal of Multidisciplinary Research and Innovation
Vol. 1 No. 5 Mei 2025

The findings reveal that the development of automatic control systems for robotics is a
multifaceted process involving technical challenges, real-world application hurdles, and the necessity
for collaboration among diverse expertise. The iterative process of design and testing plays a critical
role in overcoming these challenges, and the personal satisfaction derived from successfully solving
complex problems is a significant motivator for practitioners in the field.

DISCUSSION

This study aimed to explore the subjective experiences of engineers and technicians involved
in the design and development of automatic control systems for robotics. The key findings reveal that
practitioners face significant challenges in balancing technical demands with the human factors
involved in system development, including teamwork, communication, and the emotional burden of
managing setbacks. These insights provide a deeper understanding of the professional journey of robotic
system designers and illustrate how their personal experiences shape the design process.

The research findings provide an essential contribution to the broader question of how
engineers and technicians interpret their work in the context of robotic control systems. By focusing on
the lived experiences of these professionals, the study highlights the complex relationship between the
technical and human dimensions of engineering practice. The results suggest that challenges such as
the need for constant iteration, the unpredictability of real-world applications, and the importance of
collaboration among diverse disciplines are central to understanding the professional experience in
robotics. These findings offer a nuanced view of how professionals adapt and respond to the various
pressures they face, underscoring the importance of considering emotional, social, and cognitive factors
in future research and practice.

When compared to existing literature, the findings of this study both support and extend
previous research on the technical aspects of robotics. While earlier studies have largely focused on the
development and optimization of control systems from a technical perspective, the present study
emphasizes the human dimension of system development. These findings are consistent with research
by other scholars, such as those by Author X (2020) and Author Y (2019), who have explored the
emotional and psychological challenges faced by engineers in high-pressure environments. However,
the current study goes beyond these findings by focusing specifically on the nuances of collaborative
work and professional satisfaction, areas that have not been fully addressed in prior studies. This
research contributes to a more holistic understanding of how personal and social dynamics intersect
with technical work in the development of advanced robotics, complementing existing knowledge by
emphasizing the experiential and human-centered aspects of engineering practice.

Implications of the Findings

The findings from this study have significant implications both theoretically and practically.
From a theoretical standpoint, the study underscores the need to incorporate the human dimension into
discussions of robotic system design. While much of the literature has focused on the technical aspects
of control systems, this study emphasizes the psychological, social, and collaborative challenges that
engineers and technicians face. This shift towards considering the lived experiences of practitioners
offers a more comprehensive understanding of the development process. Practically, these findings
highlight the importance of fostering environments that support collaboration and communication
within multidisciplinary teams. It also suggests that emotional resilience and the ability to adapt to
unexpected challenges are essential traits for professionals in the field. Organizations involved in
robotics development may benefit from promoting strategies that enhance team dynamics and provide
emotional and professional support to their employees, which can ultimately improve both the design
process and the overall system performance.

Limitations of the Study

Despite the insights gained, there are several limitations that must be acknowledged. One of the
primary limitations is the relatively small sample size, which, although appropriate for a
phenomenological study, restricts the generalizability of the findings. The experiences captured in this
study are based on individuals working in specific organizational contexts, and the findings may not
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fully represent the experiences of all engineers or technicians in the field. Additionally, the study relies
on self-reported data from interviews, which may be influenced by personal biases or memory recall
issues. Furthermore, the study focused on practitioners in a particular region and within certain types
of industries, limiting the diversity of experiences explored. Future research could expand on this by
including a broader range of participants from different geographical locations and industries, as well
as using a mixed-methods approach to triangulate the findings.

Prospects for Future Research

The findings of this study lay the groundwork for several avenues of future research. One
potential direction is to explore the relationship between professional development and emotional
resilience in engineers working on robotic systems. Longitudinal studies could examine how
practitioners' experiences evolve over time and how they adapt to the increasing complexity of robotic
technologies. Additionally, research could explore how cultural and social contexts influence the way
engineers interpret their experiences and navigate challenges in the workplace. Another area for further
inquiry could involve examining the role of organizational support structures in fostering positive work
environments and mitigating the negative impacts of stress and failure in engineering practice. The
insights gained from this study provide a valuable foundation for understanding the human aspects of
robotics design and can contribute to the development of strategies aimed at enhancing both individual
well-being and team performance in high-tech environments.

CONCLUSION

This study explored the lived experiences of engineers and technicians involved in the design
and development of automatic control systems for robotics. The research uncovered key challenges
faced by professionals, including the complexity of system design, the unpredictability of real-world
applications, and the critical role of collaboration within multidisciplinary teams. These findings
contribute to a more comprehensive understanding of how human factors—such as emotional
resilience, teamwork, and adaptability—affect the development process of robotic systems, addressing
a significant gap in the existing literature that has focused primarily on technical aspects.

By emphasizing the subjective experiences of practitioners, this study highlights the need to
integrate emotional and social competencies into engineering education. Curricula should include
training in interdisciplinary communication, stress management, and ethical reflection to better prepare
engineers for real-world challenges. In professional settings, team management strategies should
prioritize psychological safety and foster collaborative environments that recognize the emotional toll
of high-stakes system failures. Policymakers and industry leaders are encouraged to support workplace
structures that promote well-being and resilience among robotics professionals. Theoretically, this
research advances phenomenological inquiry in engineering contexts by framing technological
development as both a cognitive and affective process. Future studies could deepen this contribution by
examining how organizational cultures, leadership styles, or regional industry norms shape engineers’
sensemaking and adaptive strategies. Longitudinal or comparative studies across sectors and countries
could also enrich our understanding of the socio-professional dynamics in robotics development.
Continued exploration of these topics will not only enhance the well-being of practitioners but also
improve innovation outcomes and system reliability in high-tech environments.
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